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Tp.e  research  prCf^ram  of  P.'/, i.-.  ..'Vuted  to  the  study  of 
infectious  diseases  :,ilitury  ii:.;  ertancc  in  J.e.tin  A.'.er.ica.  Tne  investiga¬ 
tions  repoi'tcd  are  prinarily  conccj-ned  American  leishrianiasic; ,  a 

disease  v/iiich  continues  to  afflict  US  Forcos  pcrsccLnel. 

A  stuCsY  of  the  effect  of  ch jriiothernj;;'  on  seru.Ci  leiOibody  was  made 
to  determine  if  sero.lcgic  testrijr:  would  P-;  of  value  in  fudging  treatment 
efficacy.  Although  few  patien.c  revert to  seroncn.'.tivity ,  there  was 
a  demonstrable  effect  in  most  cases,  os‘.c.  tne  rate  oi'  treatment  failure 
was  inversely  correlated  with  diminution  of  titers.  In.  one  espundia 
case  declining  titers  paralleled  clinical  irnroveiscnt  .enc  an  increase 
in  titer  accompanied  an  explosive  recrud -l  cer.ce . 

Follow-up  of  patients  treated  with  '  .  ■inuiidanolo  in  the  Canal  Zone 
and  Republic  of  Panama  medical  facilities  demonstralcd  conclusively 
that  this  drug  is  of  no  value. 

A  vero  cell  experimental  infection  for  C'nti.i  cishmanial  drug 

screening  was  developed  v;hich  T-r.'.mits  e:- •.■re  of  intrac-jllular  ar-.asti- 
gotcs  to  drug  for  up  to  10  dac/s.  However,  no  effect  on  -^he  parasites 
could  be  demonstrated  with  this  system  ur.-;;-.-;  a  cliuic.O.ly  effective  drug, 
methyl  glucamine  aiitimoniate. 


An  incidental  finding  was  r.-ide  of  tr.e  first  h'us.'tn  liver  fluJ;c 
(.Amnhimerus  sp. )  infection  in  Pcnama,  which  constitu-^es  only  the  third 
report  frc.m  the  Western  Hemisphere. 


Normal  hematologic  values  for  the  col-nnized  cotton,  rats  (Sirmodon 
his'sidus )  used  for  experimental  infectior;  s'tudios  were  derived  from 
monthly  samples  over  a  6-13  month  period. 


The  life-cycle  of  Angiostrc.ngylus  c'r'  tcrjecnsis  was  established 
in  the  laboratory  and  experinenuai  infecr.  .ns  studied  in  several  species 
of  wild  rodents  and  2  species  of  sub-ham.-n  primates,  which  shoved  monkeys 
develop  a  disease  picture  resembling  that  of  humans. 

A  2  year  study  of  breeding  populations  of  phlebotomine  sandflies 
and  local  environraental  effects  on  these  populations  ws.',  completed.  The 
species  com.plement  is  divided  into  2  major  consociations,  one  dominated 
by  anthropophilic  species  and  th'^'  other  by  r.oophilic  species.  Tne  species 
complement  includes  6  major  specjies  of  ■which  U  are  anthropophilic  and 
have  been  implicated  in  transmission  of  /"  ’rican  leiEhi:.aniasis .  Tlie 
effect  of  clinatologic,  hydrologic,  phytolcgic,  and  edaphic  factors  on 
sandfly  distribution  was  studied. 
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Maos  rcarir*^  techniques  usin^  standard  laborator/  /-..lassware  v 
ccvclcped  -hicn  produced  irru'roved  yields  over  Lraditional  r.ethcar,  , 
;;'.''-'atiy  reduced  expenditure  of  ir.ari  hours.  V/ild  caught  fercales  vrer 
d  in  culture  preparations  in  vhich  eggs  v/c-re  laid  >  im.tched  a:, 
ure  stare  developcient  progressed  with  esseutially  no  nttentic 
care,  which  constitutes  an  important  first  steei  to  coionination. 
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Tl-ia  rosearc'i  procram  of  the  U.S.  /irry  Medical  Research  Unit,  Panama  is 
devoted  to  the  study  of  infectious  diseases  and  their  vectors  of 
miiitaiv  importance  in  Latin  America. 

The  research  projects  were  carried  on  under  the  following  project  and 
tasiv  number! 

3A061102B71Q,  Task  00,  Work  Units  110,  U19,  “21 

In  conductinc  “he  research  described  in  thi^  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care",  as 
pror-uo-cated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Resources 
National  Academy  of  Sciences  -  National  Research  Council. 

The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Deparmmer.t  of  the  Army  position  unless  so  designated  by  other  authorised 
doc'mments . 
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[u)  Leptcs^oirosis 

'  Chemtherapy (U )_  2 ■.•  role (U)  Liver  fluke 
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23.  (U)  The  acc:uioition  oT  cotn  concerni:.  1  prevalence  ;ind  districution  of  parasitic 
diseases  in  Latin  A-erica;  rcccnnit.Lcn  cf  public  health  problems  of  actual  or  potential 
r.ilitary  ir.porta.-.ce ;  increase  of  knovlei'e  of  reservoirs  and  vectors;  and  iir.proverr.ent 
of  dicyncGis ,  trsetrent  and  control  cf  t?:cse  diseases. 

2k,  (U)  'Tne  effect  of  che-othorapy  on  corsri  antibodies  of  patients  vith  prinary  cutan- 

I  eous  As'.erican  leirhnr.aniasis  £.n:i  wit'r.  s.e.ondary  rncccctaneous  disease  was  studied  with 

« 

the  indirect  Fluorescent  Antihody'  test.  ihe  series  included  patients  treated  with 
cycloyuanil  par.oate,  two  uif.ervnt  '.valent  antinonials  ,  and  with  ar.phcteriain  3. 

The  efficacy  of  ir.etranidazolc  for  the  tv-.atnent  of  cutaneous  American  leishr.aniasis  j 
was  studied  by  follo'V-up  cf  ;a..ient';  ti-:',tcd  with  this  drug  in  3  local  r.edical  faoilitith 
A  tissue  culture  drug  screening  syst-.'  '.  as  tried  as  a  neans  of  vitro  deteri-iination 
of  anti-leishs.anial  activity  against  ii.tra-cellular  a.T.astigote3 .  The  Herr.olytic  Lepto- 
spiral  (hL)  test  was  establisr.ed  to  provi;Le  a  tool  to  r.aintain  surveillance  for 
leptospiral  infection  ar.ong  U.S.  Forces  p.jrsor.nel.  Consultative  services  for  diagnosis 
of  unusual  parasitic  infections  was  provided  to  local  medical  facilities. 

25.  (U)  A  distinct  response  of  seruo:  antllo'lies  to  drug  treatment  was  observed  in  most 
cases  o-'  leishmaniasis.  Only  a  small  percentage  reverted  to  seronegativity ,  but  some 
predictive  value  for  recurrence  of  lesicnr  was  shown  for  serologic  monitoring. 
Metrar.idasole  was  conclusive] y  shown  to  be  of  no  vo.lue  in  the  treatment  of  American 
leishmaniasis.  A  tissue  culture  syot^.m  which  permitted  exposure  of  infected  cells  to 

test  cc:;.T;o‘inds  for  up  to  10  d-.yr,  war  deve', eyed.  Movever,  no  effect  on  intra-cellular 

amaoti.pvtes  could  :e  cemenst^  f.:. c:i  v.]'.'.  a  ca: nically-ef feotive  drug.  Leptospira' 
i.nfecti-r.s  for  a  re;..:;;cn  .source  of  ex' .  v.re  were  ccnfirrr.ed  for  3  men  from  one  company 
cf  an  Ir.fantr’y  Oattalion.  first  of  hum-.ui  liver-fiudic  infection  from  Panama 

nn;-:..  )  -  CO  f-  ■  V  '  SKO.*.  .  Ai  .rY.Sl  •  -  ...wA  :  forms  I4&8A.  t  KOV  6» 
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was  dia£-r.csed  h3  an  incidental  finding, 
nis  project  has  been  transferred  to  Special  Foreign  Activities  of  Welter 
ee-i  Arry  Institute  of  Research  and  further  progress  will  be  reported 
^  in  the  Annual  Technical  report  of  VRAIR. 
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BODY  OF  FJiPORT 


PRCJ;:jCT  7iO.  3AO6IIO2B7IQ  !  Corjnuni cable  Diseases  and  larcunolOtD" 

TASK  iVO.  00  :  Ecology  and  '"'ontrol  of  Disease  Vectors 

and  Reservoirs 

V70RK  DIjIT  1*21  :  Studies  of  Parasitic  Infections  in 

Latin  America 


DESCRIPTION: 

The  objectives  of  this  project  ore  to  determine,  describe,  and 
delimit  the  parasitic  diseases  of  actual  or  porcntial  inilitarj.'  importance, 
and  to  develop  improved  methods  for  tlieir  diagnosis,  treatment  and 
prevention.  The  major  pi’oportion  of  the  research  effort  was  devoted 
to  /unerican  leishmaniasis,  a  disease  which  continues  to  afflict  US 
Forces  personr.el.  A  study  of  the  effect  of  chemotherapv  on  serum 
antibody  was  made  to  determine  if  serologic  testing  wouad  be  of  value 
in  judging  treatment  efficacy.  Altr.ough  few  patients  reverted  to 
^soronegativity ,  there  was  a  demonstrable  effect  in  most  cases,  and 
lack  of  diminution  of  antibody  level  was  sjjo-.in  to  have  some  predictive 
value  for  treatment  failure.  Follow  up  of  patients  treated  with 
netranidar.oie  in  Canal  Zone  and  Republic  of  Panama  medical  facilities 
demonstrated  unequivocally  that  this  drug  is  of  no  value.  In  efforts 
to  develop  a  tissue  culture  system  for  screening  for  antilei shjnanial 
activity,  a  Vero  cell  system  was  developed  which  allow«^d  for  drug 
exposure  of  infected  cells  for  up  to  10  days ,  but  no  effect  on  the 
intracellular  parasites  could  be  demonstrated  in  this  system  with  a 
pentavalent  ar.timonial  compoimd  which  is  clinically  effective.  In 
other  diseases,  the  Hemolytic  leptospirosis  (HL)  test  was  established 
to  permit  .surveillance  for  this  infection.  An  incidental  finding  of  a 
human  liver  fliike  ( Amnhir.erus  so. )  infection  was  of  academic  interest 
as  the  first  such  case  in  Panama,  and  only  the  third  known  locality  in 
the  Western  Hemisphere. 

PROGRESS: 

In  the  past,  effectiveness  of  chemotherapy  of  American  leishmaniasis 
has  been  judg-'d  solely  by  the  healing  response  of  the  lesion.  However, 
it  is  well  known  that  in  some  cases  complete  elimination  of  the  parasite 
is  not  achieved  in  spite  of  clinical  healing  of  the  lerion,  and  recurrence 
or  development  of  new  lesions  can  occur.  The  new  lesions  r'.av  involve 
mucous  mc.m.branes  and  can  appear  many  years  after  the  primary  infection 
and  cause  severe  facial  mutilation,  so  the  detection  of  residual 
viable  parasites  can  be  of  extreme  importance.  It  was  considered 
that  the  effect  of  treatment  on  serum  antibodies  could  add  another 
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to  C''^ci-3in,s  xhe  effeotivooess  of  dru<3  treataent  and  a 
vas  instituted  to  msar.ure  indirect  flsiorescent  anti  bod:.' 

(liV.)  titers  during  and  after  treatixent.  netro.s pective  studies  were 
done  on  sera  of  natienos  treated  vith  Car;odar  *'  and  Fuadin  and  of 
patients  tres.ted  more  rocent.ly  with  Fentostam-  jind  Glucantime'-'^  . 


Tnere  were  detectable  changes  in  serum  antibodies  following 
treatment  .in  many  cases.  Tnese  data  are  presented  in  Figure  1. 
Increoses  in  titer  occurred  only  in  cases  of  treatment  failure 
demonstrated  by  the  presence  of  parasites  in  culture  or  biopsy. 

Ca.ses  whic;;  s}.oved  .no  i'eduction  in  titer  had  a  higbi  rate  of  drug 
failures  (9  of  l6)  while  in  those  showing  a  titer  reduction  of  even 
twc-fold,  the  proportion  was  greati:,'  reduced  (8  of  2? )  •  V7ith  four¬ 
fold  or  greater  reduction,  there  was  only  one  failure  in  23  Cases, 
.dov'cver,  in  t;.o  majority  of  cases  antibodies  persisted  over  long 
periods  in  spite  of  a  prompt  healing  response  and  some  reduction  in 
titer.  One  of  our  patients  has  had  positive  IFA  tests  for  6  years, 
and  we  recently'  tested  an  individual  who  was  treated  with  antimonials 
3^  years  ago  end  still  has  antibody. 


The  reversion  to  negativity  after  treatment  exhibited  by  some 
p.atients,  Table  1,  suggests  the  possibility  that  the  persistence  of 
ontibO'dy  in  the  others  night  be  due  to  the  continued  presence  of 
virfslo  pai'asites.  Since  the  great  majority  of  treated  cases  have 
pirsistent  titers,  this  is  a  rather  disturbing  hypothesis  because  of 
the  kno’wn  propensity  of  L.  braziliensis  to  remain  latent  for  many 
years  and  then  produce  the  mucosal  lesions  of  espundia.  In  a  few 
cases  it  has  been  possible  to  demonstrate  the  presence  of  viable 
parasites  in  clinically  cured  patients  with  persistent  titers.  One 
such  patient  w'as  previously  reported  in  the  Annual  Report  for  19^9 •  He 
had  received  tiiree  injections  of  Camolar  which  produced  healing  of  his 
.multiple  lesions,  but  no  reduction  in  titer.  Three  months  later,  he 
had  reactivation  of  the  lesions  and  parasites  were  seen  in  a  biopsy. 

A^tcr  a  course  of  treat.ment  with  Fuadin,  his  lesions  agai.n  disappeared, 
his  antibody  2evel  diminished,  and  then  fell  below  detectable  levels. 
Another  patient  treated  with  Glucantir.e  had  prompt  healing  of  a  small 
primary  ulcer  on  a  finger,  and  a  U-fold  reduction  in  antibody  titer. 

In  spite  of  this,  U  months  after  treatment  he  developed  a  new  fungoid 
lesion  on  h'^s  elbow  from  which  parasites  were  cultured.  After  excision 
of  the  lesion  and  retrr.e.r.ment ,  his  antibody'  dropped  below  1:8,  but 
1  1/2  months  later  it  had  returned  to  l:l6  (Fifpure  2).  Although  these 
exa.’T.ples  are  few  in  number,  and  most  of  the  persistent-antibody  patients 
have  never  shown  any  indication  that  they  would  relapse,  they  are  never- 
the-lcss  suggestive  that  drug  treatment  has  not  been  completely  effective 
for  the  majority  of  leishmaniasis  cases  in  the  Canal  Zone  and  that  the 
patients  might  retain  latent  infection  which  could  result  in  mucosal 
lesions  in  the  future. 

Tne  effect  of  treatment  of  advanced  r.ucocuta.neous  leish.~.?.niasis 
Wcas  .studied  in  a  Bol^vitir.  .\rmv  officer  who  pre3''-nted  with  r£'.pidly 
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prc:-;roj3in,3  lenicns  after  a  historj'  of  un'JUcceGofiii  treatment  with 
scdi’im  antimony  tartrate,  repeated  coiu'scs  of  stibophen  add  3  courses 
of  cycloyuanil  pamoate  over  the  precedin*;  2  1/2  years.  The  antibody 
i^ooponoe  to  pentrvalent  antimony  and  ariphotericin  3  is  demonstrated 
in  i’icure  3.  The  rapid  diminution  of  antibody'  following  Pentostajn 
treat. r.ent  paralled  impressive  clinical  improvement.  After  amphotericin 
B  t;)cro.p.y  was  terminated  because  of  signs  of  renal  toxicity,  the  patient 
experiencca  a  sudden  explosive  recrudescence,  and  a  serum  sazfjple 
domonotr.ited  a  rise  in  antibody  titer.  } 

A  recent  article  in  a  leading  journal  reported  success  in  the 
treatment  of  one  case  of  American  leishmaniasis  with  inetranidazole 
(Flagyl  -•)  and  cited  another  article  reporting  some  success  with  this 
drug  arair.st  leisnmaniasis  in  Kexico.  In  contraist  to  these  reports, 
met:’a:;i io'^olc  failed  in  h  out  of  5  cases  reported  from  Brazil.  USAI-IRU-P 
recently  had  the  opportunity  of  monitor  treatment  of  6  cases  of  primary 
cutr-TiOoup  leisav.aniasis  acquired  in  Panama  which  were  treated  with 
this  drug. 

Six  male  patients  with  laboratory-confirmed  leishmanial  ulcers  of 
6-10  v.’cc‘;'.e  evolution  were  treated;  U  in  Gorgas  Kospittil,  one  at  Gamboa 
Medical  Clinic  and  one  under  the  supervision  of  the  Sanidad  Militaf 
of  tl:e  Guardia  IJacional  in  Panama  City.  Before  treatment  all  patients 
had  a  general  p.'iysical  examination,  chest  roentgengran  and  base-line 
laboratory  examinations  consisting  of  urinalysis,  complete  blood  count, 
platelet  count,  her.oglobin,  hematocrit  and  SI>!A-12  battery.  These 
laborator:.-  tests  were  repeated  U  times  at  10-day  intervals,  i.e.,  after 
the  first  treatment  period,  at  the  end  of  the  rest  period,  and  after  10 
and  20  drys  of  the  second  treatment  period.  Cultures  were  made  from 
the  margins  of  the  lesions  on  the  same  schedule,  and  at  2-  and  l4-veeks 
after  treatment  was  terminated. 

Five -patients  between  the  ages  of  19  and  52  years  were  found  to 
be  otr.-er.jise  healthy  and  laboratory  values  were  within  normal  limits. 
Patient  ,-'l,  1^  years  of  age,  had  a  neutropenia  with  a  ^-rsc  count  of 
1,100/cu  mm,  poly.m.orphonuclear  neutrophils  15^ »  lymphocytes  T9!«» 
eosinophils  h%,  and  basophils  2;?,  a  condition  occasionally  seen  in 
children  in  Psnam.a.  This  patient  was  hospitalized  for  diagnostic 
studies  but  no  other  abnormalities  were  encountered  and  the  cause  of 
these  blood  findings  had  not  yet  been  determined. 

Initial  improvement  of  the  appearance  of  the  lesion  was  seen  in 
all  patients  during  the  first  treatment  period.  However,  in  patients 
no,  3  and  4  the  improvement  was  temporary  and  by  the  end  of  the  10 
day  rest  period  (day  20)  they  had  regressed  to  their  origineLL  state. 
During  the  second  treatment  period  improvement  was  much  slower,  even 
for  those  which  did  re-epithelialize. 
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Results  of  the  cultures  for  leistimanial  organisms  are  shown  in 
Table  2.  Only  patient  no.  2  showed  consistently  neguti'/e  post-treatment 
cultures.  Patient  no.  6  at  the  conclusion  of  treatment  appeared  to 
have  been  successfully  treated,  but  later  developed  a  slight  discoloration 
at  the  margin  of  the  scar,  and  cultures  inoculated  at  the  i+-week  follow-up 
grew  prcmastigotes. 

Some  drug-attributable  adverse  effects  were  observed.  Patient 
no.  1  exhibited  a  steady  diminution  of  WBC  count  from  l4,100/cu  i.er.  to 
3,500/cu  mm  during  the  first  period  of  treatment,  rebounded  slightly 
to  U,0C0/cu  lun  in  the  rest  period,  but  again  declined  to  3,000/cu  mm 
at  day  30,  whereupon  treatment  was  terminated.  Patient  no.  2  likewise 
exhibited  a  steady  diminution  in  the  WBC  from  a  baseline  of  6,000/cu 
mm  to  5»500/cu  m  in  the  first  treatment  period,  and  to  abnormally  low 
values  of  1,700/cu  mm  at  day  30,  and  U,300/cu  mm  at  day  itO,  respectively. 

A  weight  loss  of  8,  7,  and  9  pounds  was  experienced  by  patients  2,  3 
and  i*  respectively. 

The  adult  patients,  nos.  2-6,  were  given  500  mg  nietranidazole 
3  times  daily  for  10  days,  a  10  day  rest  period  was  then  followed 
by  the  same  dose  daily  for  20  days.  The  additional  10  days  beyond 
the  standard  regimen  for  amebiasis  and  trichomoniasis  was  decided  upon 
because  of  steady  improvement  in  the  appearance,  but  incomplete  healing 
of  all  lesions  at  the  20th  treatment  day,  and  the  lack  of  any  serious 
side  affects  due  to  the  drug. 

Patient  no.  1,  with  a  body  weight  of  Ul  kg,  received  250  mg  3 
times  daily  for  10  days,  a  10  day  rest  period  followed  by  another  10 
days  a.t  250  mg  3  times  daily.  The  second  treatment  period  was  not 
extended  as  it  was  for  the  adult  patients  because  of  depression  of  his 
leucocyte  count. 

Successful  treatment  was  achieved  with  only  one  patient.  At  the 
conclusion  of  the  second  treatment  period  two  patients,  nos,  2  and  6, 
had  completely  re-epithelialized  the  lesion  and  had  no  residual  of  the 
raised,  erythymatous  margin,  but  no.  6  subsequently  was  shown  by  culture 
to  have  residual  viable  leishmaniae. 

The  5  treatment  failures  were  subsequently  treated  with  methyl 
glucamine  antimoniate  and  complete  healing  with  negative  follow-up 
cultxxres  was  achieved  with  one  course  of  20  daily  injections  of  5  dl. 

Although  this  series  is  small,  these  data  demonstrate  conclusively 
that  metranidazole  cannot  be  regarded  as  adequate  chemotherapy  for 
primary  American  leishmaniasis. 

Lack  of  suitable  experimental  animal  models  for  the  screening  of 
drugs  for  antileishmanial  activity,  and  prior  success  in  cultivating 
intra- cellular  amastigotes  of  Panamanian  strains  of  Leishmania  in  Vero 
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cells  su,3£:i?G oC'i  the  use  of  a  tissue  cultui’e  system  for  druy  screening. 

A  standardised  inoculttn  of  low-pas-sage  level  proriastigotes  from  blood 
agar  media  vas  found  to  give  reproducible  infections  whicn  could  be 
maintained  without  overgrowth  of  the  monolayer  sufficient  to  interfere 
with  accurate  parasite  coionts  through  10  dai's.  A  clinicrJly  effective 
drug,  methyl  giucamine  antimoniate,  v/as  used  for  attempts  to  demonstrate 
drug  effect,  but  no  selective  effect  on  parasites  could  be  seen  with 
this  system,  even  when  the  exposure  to  the  drug  v;as  extended  to  10 
aays .  at  th  is  Juncture  it  was  learned  that  a  cog  sarcoma-cell  system 
developed  by  the  Liverpool  School  of  Tropical  itedicine  has  been  used 
for  testing  a  small  series  of  drugs,  and  althou.'h  the  system  demonstrated 
the  activity  of  other  classes  of  compoxuids ,  no  offecc  was  seen  on 
Leishmenia  nexicana  by  either  tri-  or  penta-va.lent  antimonial  compounds. 
The  Vero  cell  system  is  currently  being  evaluated  with  a  series  of 
non-antimonial  drugs  with  known  antiprotozoan  p^'operties. 


In  March  1971  a  stool  examination  done  by  a  UoAPSO  laboratory  on 
t.  local  foodhandler  revealed  small  operculated  trematode  eggs  which 
were  identified  as  Clcnorchis  sinensi s  and  Referred  to  USAiRU-P  for 
confirmation.  Repeated  positive  examinations  over  a  period  of  several 
days  established  that  this  was  not  a  spurious  iiifection.  Because  C_. 
sinensis  is  not  known  to  occur  in  the  Western  Hemisphere,  the  foodhandler 
was  again  contacted  for  further  investigation. 


The  patient  was  a  25  year  old  male  Cuna  Indian  who  had  lived  his 
entire  life  in  the  village  of  Mansultun,  Conarca  de  San  Bias  in  Pajiama. 

Two  years  after  the  original  finding  he  was  still  passing  the  eggs. 

They  were  consistent  in  size  and  morphology  with  Am.phimerus  ruayaquilensis 
previously  reported  from  humans  in  one  area  in  Ecuador  and  another  in 
Colombia,  and  known  to  infect  oppossuias  and  domestic  cats  in  Panama. 

AfLthough  he  had  no  current  complaints,  he  was  admitted  to  Gorgas 
Hospital  for  physical  ajid  laboratory  examinations.  All  findings  were 
within  narE.al  limits  except  for  a  diffuse  abnoraal  pattern  on  a  liver 
scan. 


Six  clinically-suspect  cases  of  leptospirosis  among  U.S.  Forces 
personnel,  including  3  from  a  common-source  exposure  among  members  of 
one  company  of  an  Infantry  battalion,  were  confirmed  by  the  KL  test. 
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Results  of  Culture  for  Leishmania  Organisms 
with  Metranidazole  Treatment 
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23-  (U)  Evaluation  of  the  disease  vector  potential  of  and  vector  control  possibilities 

for  selected  arthropods  of  medical  importance  in  Central  /vmerica. 

2h.  (k)  St  udies  focus  on  phlebotomine  sandflies  as  vectors  of  cutaneous  leishmaniasis > 

The  methods  and  concepts  of  systems  ecolo{y  are  utilized  to  acquire  quantitative  data 
on  breeding  habits,  feeding  preferences,  prevalence,  etc.  and  to  interpret  the  data 
in  terms  of  hu.mah  disease  and  disease  vector  control. 

25.  (U)  A  2  year  study  of  breeding  populations  of  phlebotomine  sandflies  (Diptera; 

Psychodidae)  in  the  open  forest  floor  was  completed.  Ihe  species  ccmiplement  includes 
6  r.ajor  species,  of  which  U  are  anthrcpophilic ,  and  have  been  implicated  in  the 
trar.s.missicn  of  leishmaniasis.  The  dominant  species  was  Lutzomyia  trapidoi  which 
occupies  SpP  of  the  area  of  the  forest  floor  at  an  average  population  density  of  8-.  3 
per  rr.2  of  soil.  In  all  species,  a  population  maximu.m  occurs  in  early  rainy  season, 
and  in  all  except  2  spp.  a  second  peak  occurs  in  late  , dry  season.  Distribution  of 
forest  litter  regulated  species  distribution,  L.  tranidoi  was  greater  on  steep  hill¬ 
sides  with  light  litter  deposits,  while  L.  par.a.mensis ,  L.  gomezi  ,  L.  pessoana  and  I^. 
insolita  were  more  co.m,mon  on  hilltops  and  prc.minences  with  heavy,  stable  deposits. 
Similarly,  certain  large  trees  and  vines  produce  litter  which  favors  certain  species. 
Rrisent  information  indicates  Americain  leishmiOniasis  occurs  in  restricted  microfoci, 
but  this  stud^'  shows  vectors  are  distributed  throughout  the  forest  area,  indicating 
that  incidence  of  leishmaniasis  is  limited  by  some  factor  other  than  vectors,  and 
probably  is  dependant  upon  suitable  vertebrate  reseirvoir  hosts.  Mass  rearing  of 
j  sandflies  in  the  laboratory  in  petri  dishes  utilizing  soil  substrates  and  leaf  litter 
I  fer  fcod  of  larvae  hatched  from  c'rs  of  wild-caught  sandflies  was  er-.ployed.  Yields 
i  several  tim.es  greater  than  with  traditional  .methods  \.’cre  cbtained  with  greatly  reduced 
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ri:\n-hour3  of  effort,  although  the  results  vero  variable.  Even  with 
sIt rtco.T.lnf:,  the  r^ethod  offer  premise  of  providing  sufficient  nur.ibers 
of  adult  sandflies  for  colonization  trials  and  disease  transmission 
studies . 

Inis  project  has  been  transferred  to  Special  Forei.gn  Activities  of 
Valter  Reed  Institute  of  Research  and  further  progress  will  be 

reported  in  the  /jsnual  Technical  report  of  VRAIR. 
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PROJECT  NO.  3A06li0.?B71P  :  ConcunicRble  Diseases  and  Innunology 

TASK  NO.  03  !  EcoIogy  and  Control  of  Disease 

Vectors  and  Reservoirs 

V.'OFuv  oiriT  110  :  Studies  on  Arthropods  of  Medical 

Importance  in  Latin  America 

DESCRIPTION: 

The  objective  of  this  study  is  to  evaluate  the  disease  vector 
potential  of  and  vector  control  possibilities  for  selected  arthropods 
cf  medical  importance  in  Central  America.  Current  studies  focus  on  the 
phlebotcmine  sandflies  as  vectors  of  American  leishmeuiiasis. 

/vPPROACK. 

TTie  basic  biology  and  field  ecology  of  species  of  medical  interest 
arc  investigated  through  an  integrated  program  of  laboratory  and  field 
studies.  The  results  are  interpreted  in  terms  of  the  epidemiology  of 
huL.an  disease  and  disease  vector  control. 

PROGP.ESS: 


Sandfly  breeding  sites.  This  study  was  initiated  in  FT  1971 
and  ccm.pleted  in  FY  1973.  Breeding  popiilations  of  phlebotomine 
sandflies  in  the  soil  of  the  open  forest  floor  were  studied  in  a 
rain  forest  near  Gamboa,  Canal  Zone.  Sandfly  collections  were  made 
with  soil  emergence  traps  from  U3  selected  sites  within  the  study 
area.  .  Supporting  studies  of  local  environmental  effects  on  breeding 
populations  were  made  concurrently  with  the  sandfly  collections.  The 
general  results  of  these  studies  are  summarized  in  the  following 
paragraphs. 

The  species  co...plement  of  the  forest  floor  breeding  habitat 
includes  6  major  species,  of  which  U  are  anthropophilic  and  2  are 
zoophilic  (Table  l).  The  species  Lutzomyia  gom.ozi  and  L.  rorotaensis 
had  not  been  previously  recovered  from  natural  breeding  sites.  The 
species  L,  insolita  had  not  been  previously  recovered  from  the  forest 
floor  habitat.  All  1*  of  the  anthropophilic  species  collected  have 
been  implicated  in  the  transmission  of  American  leishmaniasis  in 
other  studies.  The  species  I<.  pessoana  is  the  major  day-biting  anthro¬ 
pophilic  species  of  the. study  area. 
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TiiiL;  study  rer.rosests  the  fr  rst  upj:]l  ication  oT  the  methods  of 
ropulation  ecoioyy  to  immature  populations  of  Wev  'v.’or.ld  sandflies, 
hreeiin.;  ropulattc.-ns  were  found  to  to  thi:ily  dispersed  throughout  the 
entire  forest  floor  habitat  (Table  l).  The  dominant  species  ves  L. 
tr  art  dot  ,  which  GccupLes  some  8b'^  of  the  area  of  the  forest  floor  at 
an  average  population  density  of  8.3  per  eI"  of  forest  soil. 


In  all  species  a  population  maxim'um  occurs  in  the  early  rainy 
season,  and  in  all  except  L.  rorotaensis  acid  L.  inso] it a  a  second 
populc.r.icn  rriaxim’ur.i  occurs  in  the  early  di.y  season.  Similarly,  in 
all  species  a  population  minimur.i  occurs  in  the  late  rainy  season,  and 
in  all  except  I^.  rorotaensis  .and  L.  insolita  a  second  population 
minimum  occurs  in  the  late  dry  season.  In  brief,  population  maxima 
tend  to  occur  when  soil  moisture  conditions  are  moderate,  and  population 
minima  tend  to  occur  when  soil  moisture  conditions  ore  extreme,  either 
wet  or  dry. 


Supporting  studies  demonstrated  that  the  forest  litter  tends  to 
be  removed  by  erosion  from  steep  slopes  and  lower  elev itions  and  to 
^  cumulate  on  gentle  slopes  and  higher  elevations.  This  pattern  of 

distribution  of  the  forest  litter  was  reflected  in  t!ic  spatial  pattern 
of  imr.iat’;re  sandfly  populations.  Populations  of  L.  tranidoi  were 
greater  in  streamside  and  hillside  regions  of  the  study  a.rea,  while 
populations  of  L.  rarifur.ensir. ,  L.  gomezi ,  ]L.  pessoa;wi  and  L.  insolita 
were  greater  in  hilltop  regions  of  the  studi’-  area.  However,  only 
L,  pe.n.cr.er.sis  and  L.  pessoana  were  collected  from  alluvial  litter 
at  the  edge  of  the  stream. 


Similarly,  certain  large  trees  and  lianas  were  found  to  produce 
exceptionally  deep  and  extensive  deposits  of  litter.  Populations  of 
immature  sandflies  were  generally  greater  in  this  situation  than 
elsewhere  within  the  general  forest  area.  Only  L.  traoidoi  and  1^. 
panamensis  were  collected  from  palm  litter. 

The  practical  implications  of  the  foregoing  results  seem  clear. 

Since  several  vector  species  breed  continuously  throughout  the  forest, 
they  are  not  amenable  to  control  through  selective  treatment  of 
restricted  areas  or  at  particular  seasons.  Effective  control  will 
depend  on  development  of  methods  for  treating  large  areas  of  the 
forest  efficiently  and  cheaply.  In  the  meantime,  the  use  of  personal 
'protective  measiires  should  be  emphasized. 

Present  information  indicates  that  American  leishmcmiiasis  occurs 
in  restricted  microfoci  within  the  general  forest  area.  On  the  other 
hand,  our  study  of  sandfly  breeding  sites  indicate  that  several  vector 
species  breed  continuously  throughout  the  forest  area.  This  discrepancy 
in  the  patterns  of  distribution  of  the  parasite  and  its  vectors  suggests 
that  the  incidence  of  leishmaniasis  is  limited  by  some  factor  other 
than  the  availability  of  suitable  vectors.  The  limiting  factor  may  be, 
instead,  the  availability  of  suitable  vertebrate  reservoir  hosts. 
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Zone  Sar.dfly  Associat:  ons . 

An  analytical  study  ol’  available  records  of  adult  sandfly  light- 
trap  collections  from  the  Canal  Zone  vas  initiated  and  completed 
durintT  ?Y  1973.  Hiese  collections,  representing  2h  locations  witnin 
the  Zone,  vere  made  by  elements  of  the  U.S.  Army,  Southern  Command,  and 
the  Middle  America  Research  Unit  over  the  period  1968  to  1972.  A 
total  of  551  collections  records,  representing  10,070  sandflies  of 
37  species,  vere  analyzed.  ) 

7  It  was  concluded  that  the  collections  analyzed  represented  2 
basic  sandfly  consociations  dominated,  in  one  case, by  the  zoophilic 
species  L.  carnenteri ,L.  triramula  and  L. ^connosi  and,  in  the  other, 
by  the  anthropophilic  species  L.  gemezi  and  Ij.  nanamensis  and 
ti'iO  zoophilic  species  L.  dysponeta.  Both  consociations  vere  highly 
variable,  and  a  number  of  disparate  and  intergrading  species  compositions 
vere  present  in  the  collections  analyzed.  Each  consociation  occurs 
in  varying  terrain  and  on  both  the  Atlantic  and  Pacific  slopes  of  the 
Isthmus.  They  occur  successively  in  certain  locations,  but  one  or 
t'ao  other  is  prevalent  throughout  the  year  in  other  locations.  The 
ar.thropo]ihilic  consociation  was  more  prevalent  than  the  zoophilic 
consociation. 

It  seems  probable  that  those  areas  and  seasons  in  which  the 
anthropophilic  species  predominate  ere  a  greater  hazard  to  human 
health  than  others.  Our  data  suggest  that 'the  sandfly  species 
compositions  of  differing  areas  and  seasons  are  regulated  primarily 
by  patterns  of  rainfall  and  drainage  eind  that  the  anthropophilic 
consociation  is  favored  by  relatively  wet  situations.  More  detailed 
study  of  sandfly  associations  in  the  field  will  be  required  for 
confirmation  of  this  point. 

Sandfly  Scolo.'^;'  on  the  Pacific  Slope 

Previous  studies  of  sandfly  ecology  and  population  dynamics  in 
Panama  have  been  made  on  the  Atlantic  slope  of  the  Isthmus.  However, 
ecological  conditions  are  quite  different  on  the  Pacific  slope,  where 
the  majority  of  infections  with  American  leishmaniasis  in  U.S. 
jjersonnel  are  acquired.  A  study  of  sandfly  ecology  at  Empire  Range 
(the  area  of  most  active  transmission  on  the  Pacific  slope)  was 
initiated  in  Hc'-ember,  1972. 

Adult  sandflies  axe  collected  with  light-traps  at  20-meter  intervals 
along  a  200-neter  transect  twice  weekly.  The  transect  samples  3 
biotopes  characteristic  of  the  area:  (l)  A  grassy,  disturbed  area 
intersected  by  a  road  and  by  rights-of-way  for  a  power  line  and  a 
pipeline.  (2)  An  adjoining  secondary  forest  of  chiefly  hardwoods, 

(3)  A  primary  forest  including  nimerous  pajjn  trees.  The  data  obtained 
include  population  density  data  by  species,  biotope  and  season. 
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one  ccliections  hy  transect  station  is  given  in 
'.ilation  t'.'ond  is  tovard  increasing  densities  deeper 
-ndfly  con nlat ions  vcre  least  in  the  disturbed  area 
,  inteneediate  in  the  secondary'  forest  (stations  5 
t  in  rdtj  trifTiary  forest  (stations  9  to  11 ). 
oci  v'ro  cnserved  at  station  3  in  the  disturbed  area 
in  the  secondary  forest.  The  region  of  station  9  in 
t  evidcn'ly  represents  a  "pocket"  in  the  sandfly 
hut  ion.  b  ;udies  of  envirorntental  conditions  prevailing 
tnicn.'.  are  being  r.ade  in  an  effort  to  explain  the 
h  r.icroioci  and  pockets. 


bandfly  co].:csiori.  we-a  contincous  throughout  the  dry  season 
(Decvn.bcr  throo  o.  April)  (T_ble  !♦)  although  the  drge  season  of  1972-3 
van  en.o  of  tr.',-  dn'ost  c"  record  and  the  Pacific  slope  nonnally 
rcc'-:ves  only  ,ut  1/2  t!io  ocr.ount  of  rainfall  received  by  the 

Atl.'.r.tic  do.  ik.e  poou?. adon  Eaxir.un:  occurred  in  t);e  early  dry 

seaocii  (Janus-'y  1973,  9.'(’  flies/trap/ni  gi'.t )  and  the  population 
ninic.vr:  oocurr  ;  I  in  the  Icioe  dry  season  (April  1973,  1.2  flies/trap/ 
nig'-it).  The  o:’:.ing  of  these  2  events  agrees  fully  vith  results 
obtained  on  tr.  ,  Atlantic  dope  in  a  prior  study  (see  above).  Hovever, 
at  Il-pire  Ran.;,:;  a;;  intcrcuiai’y  population  maxinun  was  also  observed 
(March  1973,  C-3  fiies/tran/night) .  Since  this  resurgence  occurred 
two  r.onths  after  that  of  January  1973,  it  may  be  due  to  population 
broolc-effects .  fata  from  laboratory"  rearing  trials  and  from  soil 
emergence  trap  collections  indicate  that  the  normal  generation  time  is 
about  8  wee.’.s  for  most  species. 


the  specif. s  L.  car;' ent "-ri  was  predominant  throughout  the  dry 
season  (PecoriT  1972  to  April  1973)  in  the  Empire  Range  collections. 

Tlie  anthropophili c  species  L.  pa.na-.-.'r.s is  has  been  predominant  in  wet 
season  months  to  date  (November  1972,  May-June  1973)-  Populations 
of  L.  pananens-  .■  declined  steadily  during  the  dr;,^  season,  and  this 
species  was  cut.numbered  by  the  comm.on  toophilic  species  L.  trir.idadensis 
during  the  late  dry  season  (Februar;/  to  April  1973). 

The  forego:!  ng  fluctuations  in  sandfly  population  densities  and 
exch.ar.ges  of  dominance  between  zoophil5.c  and  anthropophilic  species 
agree  fully  with  th.e  results  obtained  in  our  analysis  of  Canal  Zone 
sandfly  associ.  liens  (see  above).  Tr.eir  effects  on  the  epidem.iological 
pattern  of  sylvnr.  leis’iur.oniasis  are  uncertain,  but  they  are  undoubtedly 
imporuant.  V.'o  r  :i.y  expect  to  find,  for  example,  that  the  pattern  of 
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incidence  of  J  eishnaniasis  in  animal  populaticna  is  contiriu8j.ly 
shifting  and  changing  vithin  the  forest  area. 

Mass-Rcnring  of  Ejandflies 

Experimental  studies  of  the  transmission  of  lei.-hmaniasis  are 
presently  haripered  by  the  lack  of  large  numbers  of  sandflies  for 
experimental  use.  In  addition  to  problems  connected  with  survival, 
mating,  blood- feeding  and  oviposition  in  the  adult  stage,  the 
laboratory  production  of  sandflies  presents  unique  problems  in 
connection  with  rearing  the  immature  stages.  Several  features  of 
sandfly  biology  contribute  to  the  difficulty  of  muss-rearing  the 
immature  stages:  (l)  The  eggs  are  produced  in  relatively  small 
numbers  (about  30  per  clutch  in  most  species).  (2)  The  immatui'C 
stages  (egg,  larva  and  pupa)  are  exceptionally  sensitive  to  extremes^ 
of  moisture  and  temperature.  (3)  The  period  of  development  is 
exceptionally  long,  usually  6  to  12  weeks.  (^)  The  immature  stages 
develop  in  a  milieu  of  decomposing  organic  materials  which  is  difficult 
to  control  and  standardize. 

Sandflies  are  traditionally  reared  in  unglazed  earthenware  pots 
placed  in  trays  of  water.  The  method  is  cumbersome  and  requires 
constant  attention  to  water  level,  larval  food  supply  and  fungal 
growth.  Consequently,  it  is  necessary  to  expend  large  amounts  of 
manpower  in  the  care  of  the  colony  to  rear  large  numbers  of  sandflies 
by  this  method.  The  ideal  culture  would  be  self-regulating  with 
regard  to  moisture  content,  food  supply  and  fiangal  growth  for  the 
entire  period  of  growth  and  development  of  the  immature  stages  (6  to 
12  weeks).  Experiments  toward  this  end  were  initiated  during  FY  1973. 

In  initial  experiments  58  single-brood  cultures  (chiefly  of  L. 
tranidoi )  were  prepared  as  follows:  Clay  soil  was  homogenized  with 
water  to  a  pasty  consistency  in  a  Waring  blendor.  Standard  disposable 
plastic  Petri  dishes  (9  cm  diara.  x  1.2  cm  deep)  were  filled  with  this 
substrate  to  a  depth  of  -^6  njm.  The  clay  substrate  was  then  covered 
with  a  thin  layer  of  leaf  fragments  prepared  by  comminuting  dried 
leaves  in  a  Waring  blendor.  A  single  blood-fed,  wild-caiight  fem.ale 
sandfly  was  then  introduced  into  each  Petri  dish  and  confined  with  the 
cover.  These  were  allowed  to  oviposit  and  die  within  the  dishes,  and 
their  progeny  to  develop  without  further  care.  Tlie  rationale  for 
this  kind  of  culture  is  as  follows:  (l)  It. simulates  conditions  in 
natural  breeding  sites  in  the  forest  (see  above).  (2)  The  moisture¬ 
binding  properties  of  clay  soils  give  long-term  retention  of  moisture. 
(3)  The  decomposing  leaf  fragments  provide  food  for  the  entire  period 
of  growth  and  development  of  the  sandfly  larvae. 

Sandfly  larvae  failed  to  appear  in  27  i^l%)  of  the  58  cultures 
prepared.  This  loss  is  referable  to  shortcomings  of  survival,  mating 
and  oviposition  in  the  adult  stage  and  of  hatching  in  the  egg  stage. 
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The  efficacy  of  the  racthod  is  best  judged  on  the  basis  of  the  32 
cultures  in  vhich  larvae  appeared.  A  total  of  2‘‘0  adult  sandflies 
were  obtained  from  the  latter  cultiires.  Tnis  total  represents  an 
average  yield  of  7.5  sandfjies  per  culture.  The  potential  of  this 
metiicd,  if  refined  and  standardised,  is  indicated  by  the  niaxim'sm 
yield  obtained,  2h  sandflies  in  culture  no.  ^18.  It  was  noted  in 
tl.ese  trials  that  the  more  moist  cultures  were  more  productive  of 
sandflies  and  less  affected  by  fungal  overgi-owth. 


In  a  second  series  of  trials,  an  attempt  was  made  to  improve  on 
the  foregoing  results  by  increasing  initial  moisture  content  and 
replacing  a  piart  of  the  moisture  loss.  Due  to  the  non-availability 
of  L.  tranidoi ,  L.  gome 7. i  was  substituted  in  15  of  1I48  cult’ores  in 
this  series.  In  addition,  to  greater  am;ount  of  water  initially,  1/2 
of  the  moisture  lost  through  evaporation  in  the  first  5  wsek.s  of 
culture  was  replaced  with  a  pipette  during  the  sixth  week  of  culture. 

The  foregoing  modification  of  technique  was  unsuccessful.  A  total 
of  117  (79%)  of  the  cultures  were  larva-negative.  The  yield  of  adult 
sandflies  from  the  31  larva-positive  cultures  a.m.ounted  to  86, for  an 
average  of  2.8  Scuidflies  per  culture.  The  maximum  yield  was  9 
sandflies  in  culture  no.  173  (L.  trapidoi ) . 

The  cause  of  the  higher  proportion  of  larva-negative  cultures 
observed  in  this  experiment  is  not  definitely  kno'wn.  It  is  believed 
that  the  low  yield  obtained  in  larva-positive  cultures  was  due  to 
adverse  temperature  and  humidity  conditions  in  the  laboratoiy 
environir.ent.  Tbe  cultures  were  keot  in  a  non-air-conditioned  room 
at  ambient  temperature  and  himidity.  The  first  experiment,  yielding 
7.5  saindflies  per  positive  culture,  was  conducted  during  the  wet 
season  (August  to  November  1972).  The  second  experiment,  yielding 
2.8  sandflies  per  positive  culture,  was  conducted  chiefly  in  the 
dry  season  (January  to  June  1973).  Although  no  measurements  were 
taken  in  ..he  first  experiment,  the  rate  of  evaporation  from  the 
cultures  was  noticeably  less  than  in  the  second  experiment.  In  the 
second  experiment,  moisture  losses  were  determined  on  a  weekly  basis 
for  7  sample  cultures  (to  which  no  water  was  added  in  the  6th  week). 
The  average  weight  of  the  cultures  at  the  time  of  preparation 
(excluding  the  weight  of  the  Petri  dish)  was  58.0  gm,  of  which  3^.9  gm 
(60^)  was  water.  After  6  weeks,  an  average  of  15.7  gm  of  water 
(1*5^  of  the  original  content)  had  been  lest,  and  after  12  weeks,  an 
average  of  27.9  gm  of  water  (805J  of  the  original  content)  had  been 
lost.  It  seems  clear  from  our  results  that  this  rate  of  evaporation 
is  unsatisfactory  and  that  it  can  not  be  remedied  by  a  one-time 
replenishment . 


A  primary  purpose  of  this  investigation  is  to  develop  a  culture 
method  which  does  not  depend  on  sophisticated,  extraneous  equipment 
(air  conditioners,  humidifiers,  incubators,  etc.)  for  success.  If 


such  a  r.ethod  can  be  developed,  it  will  be  effective  under  both 
controlled  and  uncontrolled  conditions,  as  circu^'cstancen  pernit. 
Accordingly,  current  experiments  continue  to  be  directed  toward 
development  of  a  reliable-  self-regulating  culture  system. 

A  total  of  23^  sandfly  cultures  cf  1^  types  are  currently  in 
progress  (Table  5)-  Evaporation  has  been  reduced  in  cultures 
utilizing  a  dry  substrate  by  reducing  the  surface  area/ volume  ratio 
and  mhe  ventilation  of  the  culture.  The  principle  of  the  plaster 
substrate  method  is  similar  to  that  of  the  unglazed  earthenware  pot 
method,  but  evaporation  is  reduced  by  the  plastic  walls  and  cap  of 
the  container.  The  results  of  these  and  subsequent  trials  are 
expected  to  lead  to  a  method  of  mass-rearing  of  the  immature 
stages  which  will  provide  sufficient  numbers  of  adult  sandflies  for 
colonization  trials  and/cr  disease  transmission  studies. 
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Table  1.  Population  data  foi'  sandfly  species  breeding 
on  the  open  forest  floor  in  Panama. 


Mean 

Population 

Density 

P 

(per  m  ) 

Areal 

Prevalence 

(%) 

Lutzcr.yia  tranidoi* 

8.3 

85 

L.  panamensis* 

3.3 

65 

L.  gor.ezi» 

3.0 

>40 

L.  pessoana* 

2.8 

60 

L.  rorota«isis 

2.7 

70 

L.  insolita 

2.3 

70 

Totals 

22.  k 

100^ 

*Anthropophilic  species. 
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Tabl'j  2.  Saiidfly  collections  at  the  Eii.pii'e  Range 
study  area  by  species  as  of  30  June  1973. 


Snecies 


No.  Flics  Cau.'^ht 


i 


y  L.-  carnenter j 

I^.  clr:.-.,-ca  bi^olor 
]L .  •parr-i.v-.ensis 
L_.  barrcttoi 
h.'  VO-' ^'crtil:  cnis 
tr.' r:-T:ula 

h. '  trinidader.sls 
L.  s-in "uinaria 

i. *  tranidoi 

^  n  o  j  d  c  3 

y  lss^ 

L.  ovallesi 
L.  aclydifera 
L.  psssoana 
y  VO cici f era 
cay.nosi 

L.  yler.hiletrix 
L.  r.ordostir.a 
y  serrana 
L.  cruciata 
L.  dysponeta 
Brur.Ptcryia  spp. 
L.  shannoni 
L«  dasyciera 


727 

48.05 

30 

1.93 

1405  ^ 

26.77 

17 

1.12 

8 

.53 

57 

3.77 

I4I 

2.71 

15 

.99 

68 

4.49 

5 

.33 

25 

1.65 

2 

.13 

3 

.20 

11* 

.93 

11 

.73 

64 

4.23 

2 

.13 

9 

.59 

2 

.13 

3 

.20 

2 

.12 

1 

.07 

1 

.07 

1 

.07 

L513 

99.99 
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Table  3-  Sandfly  collections  at  the  Enplre  Range  studj'  area 


by  transect  station  as  of  30  June  1973 


'  Kean 

No.  of 

Stat5.on  No.  Times  Trapned  No.  Flies  caught  Flles/trap/night 


1 

27 

6 

0.22 

2 

20 

10 

0.50 

3 

25 

2k 

• 

0.96 

k 

.26 

9 

0.35 

5 

29 

150 

5.17 

6 

27 

219 

8.11 

7 

18 

120 

6.67 

8 

25 

1*46 

5.8I4 

9 

l6 

k2  . 

2.63 

10 

2k 

289 

12.04 

11 

20 

k9Q 

24.90 

. 

1513 

Table  U.  Satidfly  collections  at'  the  Empire  Range  Study  area 


by  month  and  principal  species  as  of  30  June  1973. 


Koveiaber  1972 


152  flies  2U  Trapping  Nights  6.3  flies/trap/night 


u.  panamensis 
L.  carpenter! 

December  1972  206  flies 

L.  camenteri 
L.  panamensis 

January  1973  339  flies 


60  flies 
59  flies 


39.  W 
38.82% 


28  Trapping  Nights  7*^  .flies/trap/night 


83  flies 
6k  flies 


kO.29% 

31.01% 


31*  Trapping  Nights  9.7  flies/trap/night 


L. 

carpenter! 

175  flies 

51.62% 

L. 

panamensis 

58  flies 

11.11% 

February  1973  1^*9  flies 

31  Trapping  Nights  4.8  flies/trap/night 

L. 

carpenter! 

103  flies 

69.13% 

L, 

trinidoien.sis 

10  flies 

6.11% 

March  1973 

297 

flies 

36  Trapping  Nights  8.3  flies/trap/night 

L. 

carpenteri 

^  t 

248  flies 

83.50% 

L. 

trinidadensis 

9  flies 

3.03% 

April  1973 

U4 

flies 

36  Trapping  Nights  1.2  flies/trap/night 

L. 

carpenter! 

26  flies 

^9.09% 

L. 

trinidadensis 

4  flies 

9.09% 

May  1973 

93  flies 

35  Trapping  Nights  2.7  flies/trap/night 

L. 

panamensis 

48  flies 

51.61% 

L. 

carpenteri 

17  flies  . 

18.28% 

June  1973 

233 

flies 

32  Trapping  Nights  7.3  flies/trap/night 

L. 

panamensis 

174  flies 

Ik. 68% 

L. 

carpenteri 

16  flies 

6.81% 

TOTALS 

1513 

flies 

f  • 

5.7  flies/trap/night 

L. 

carper."^  or  i 

43.05^5 

T  ' 

panamensis 

26.11% 

L. 

trinidadensis 

2.11% 

28 

T&bls  5.  Sandfly  eullxires  in  progress  on  30  J\ine  1973. 


'9  Ssttidfly  Container 


No .  of 
cultures 

Species 

No. 

Stage 

- r 

Material 

Dimensions! 

Ventilation2 

Substratt 

100 

L.  traoidoi 

1 

Adult 

Plastic 

2. 3x8. 4 

- 

Clay 

15 

L.  Romezi 

1 

Adult 

Plastic 

2. 3x3. 4 

- 

Clay 

70 

L.  tranidoi 

1 

Adult 

Glass 

5. 4x2. 8 

1  Perforation 

Clay 

30 

L.  Romezi 

1 

Adult 

Glass 

5. 4x2. 8 

1  Perforation 

Clay 

5 

L.  tranidoi 

1 

Adult 

Plastic 

6. 5x5.0 

5  Perforations 

Clay 

1 

L.  san^^niir.aria 

5 

Adult 

Plastic 

7. 0x4. 3 

1  Perforation 

Clay 

1 

L.  tranidoi 

96 

Adult 

Plastic 

8.5x10.5 

1.5  cm  screen 

Plaster 

2 

L.  tranidoi 

500 

Ege 

Plastic 

8.5x10.5 

1,5  cm  screen 

Plaster 

2 

L.  gomezi 

500 

Egg 

Plastic 

8.5x10.5 

1.5  cm  screen 

Plaster 

2 

L.  gomezi 

200 

Egg 

Plastic 

8.5x10.5 

1,5  cm  screen 

Plaster 

4 

L.  trapidoi 

200 

Egg 

Plastic 

6. 0x6,0 

1.5  cm  screen 

Plaster 

2 

L.  gomezi 

200 

Egg 

Plastic 

6. 0x6.0 

1.5  cm  screen 

Plaster 

234 

1.  Dimensions  are  given  as  depth  x  diameter  in  cm. 

2.  The  provision  for  ventilation  of  the  cultxu’e  is  either  a  1.5  cm  diam.  nylon 
screen  in  the  cap  or  1  or  more  perforations  in  the  cap. 

3.  The  plaster  substrate  is  9  parts  plaster  of  Paris:  1  part  activated  charcoal 
(V/V).  The  container  is  perforated  on  the  bottom  and  kept  in  a  tray  of  water. 
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23.  (U)  1.  To  gather  information  concerning  the  reservoir  status,  r,.?.des  of  transmis¬ 

sion  and  pathotenesis  of  infectious  diseases  produced  by  important  anthropozoonotic 
and  e_mphixer.otic  agents.  2.  To  fiirnish  patholog:/’  support  to  professional  investigatory- 
of  the  iO'xB.U  staff.  3-  To  furnish  animal  patholog;/  consultation  to  other  military 
medical  facilities  for  indigenous  anthropozooncses  .monitor:  n-'^ . 

2h.  (U)  Necropsies  of  non-human  vertebrates  are  performed,  ourplemented  with  standard 
ar.d  special  histopatholoQ'  techniques  as  well  as  clinical  pathology  techniques. 

S-eo-rches  are  made  of  possible  natural  reservoir  wild  ai.i.mals ,  domesticated  nam.mals  and 
invertebrate  hosts.  The  pathogenesis  of  selected  tropical  diseases  are  studied  in 
experimental  animals. 

25.  (U)  72 — T-73-06-  The  patholcg;/  service  continued  to  support  the  studies  of 

Venezuelain  equine  encephalomyelitis  (VEE),  yellow  fever,  Bolivian  he.mor:  hagic  fever 
and  other  natural  euid  experimentally  induced  diseases  in  laboratory  ani.mals.  Diagnosti  : 
support  continued  to  be  given  to  Air  Force  and  Army  Veterinarians  servicing  the  two 
Canal  Zone  zoos,  as  well  as  examinations  of  wild  Eininals  for  diseases  indigenous  to 
the  a.rea.  Concentrated  investigation  has  been  on  (l)  nor.m.al  developmental  hematologica . 
changes  in  .Ci  mm.odcn  hisri  ius  (2)  developme.nt  of  animal  models  for  the  stud^'  of  leish¬ 
maniasis  and  (3)  incidence  and  histopathological  changes  of  rodents  infected  with 
An  ~~  c.-tror.-"vli:3  costaricensis  and  in  the  non-human  primates,  Cebus  caoucinus  and  Ateler 
r-.-o:':' *  rrri . 


reject  has  been  transferred  to  Special  Foreign  Activities  of  Valter  Reed  Army 
mute  o:  hcaiearch  and  further  progress  will  bo  reported  in  the  Annual  Technical 
/  Oi  a;OviR. 
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BODY  OF  Ri:?CRT 


PROJECT  No.  3A061102B71Q  :  Coi^T.uni cable  Diseases  and  Iranunology 

TASK  NO.  '■  00  :  Ecology  ajid  Control  of  Disease  Vectors 

end  Reservoirs 

WORK  JNIT  1»19  :  Pathology  and  Pathogenesis  of  Naturally 

Occurring  Infections  in  Latin  America 

DESCRIPTION: 

The  objective  of  this  study  is  to  gain  information  on  the  rese3*voir 
status,  modes  of  transmission  and  pathogenesis  of  diseases  of  animals 
occurring  in  the  area.  Necropsies  of  subhuman  animals  supplemented  by 
routine  and  special  histopathologic  examinations  were  performed  in 
monitoring  and  characterising  a  variety  of  disease  changes  in  wild, 
domesticated  and  laboratory  animals.  Experimental  infections  and 
cli:iical  pathology  techniques  are  utilized  whenever  necessary  for 
complete  characterization  of  a  disease  process. 


PROGRESS: 

During  FY  73  3^+7  animals  were  examined  and  l8l  accessions  made. 
Part  of  the  case  material  resulted  from  the  support  and  pathology 
services  rendered  to  other  investigators  of  USAI-LRU-P  and  liARU  and  to 
the  Air  Force  and  Army  Veterinarians  servicing  the  Canal  Zone  and 
Republic  of  Panama.  The  remainder  of  case  material  resulted  from 
independent  research  conducted  by  the  Pathology  section. 

Diagnostic  consultation  support  service  included:  22  Calo.mys 
callosuG  for  the  Bolivian  hemorrhagic  fever  studios,  10  horses  for 
the  Venezuelan  equine  encephalomyelitis  studies,  k  Aotus  trivirgatus 
monkeys  in  support  of  Yellow  fever  studies,  numerous  mice  for  tests 
for  human  Coxsacki  virus  infection,  and  over  200  additional  animals 
for  disease  surveillance, 

Angiostronrr/'lur-  costaricensis 

During  this  fiscal  year,  a  laboratory  cycle  of  Angiostronrvius 
costaricensis  was  established  and  maintained  using  the  natural  rodent 
host,  Sigmodcr.  hi spidus  and  a  slug  Vaginulus  sp.  as  the  nolluscan 
intermediate  host.  Important  segments  of  the  life  cycle  were 
elucidated.  Fourteen  days  ai'ter  the  feces  of  infected  Sigmodon  were 
fed  to  slugs,  a  molt  of  second  stage  larvae  into  third  stage  larvae 
occured.  At  21  days,  the  third  stage  larvae  were  extracted  by  pepsin- 
Hcl  acid  digestion  of  the  infected  slugs.  Laboratory  reeired  Sirmodon 
wore  fed  these  infectious  larvae  by  gavage.  Larvae  penetrated  the 
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Kucoja  of  the  snail  intesoine  and/or  cccan,  migrated  to  the  sutnucosa 
of  the  ;n:*.o  organ  and  molted  mi  thin  those  tissues,  Irsnature  adult 
vorn:;  r.ir.rated  to  a  regional  artery  and  6  days  following  infection, 
the  young  adults  penetrated  tfie  artei';/  and  continued  to  mature  uithin 
the  iuu ;n.  Between  14  and  SI  days  oviposition  occurred  and  by  28  days 
first  stage  lai'vae  were  passed  in  the  fece.s  of  the  infected  rodents. 


In  order  to  gain  information  regarding  the  natural  reservoir 
hosts,  several  species  of  wild  caug'nt  and  l.aboratory  raised  rodents 
and  2  stjecies  of  nonhuman  primates  were  tested  to  doteraine  their 
susceptibility  to  infection  vrith  A.  ccrtaricensis .  The  results,  of 
these  studies  are  siammarized  in  Table  1. 


These  studies  demonstrated  several  interesting  facts.  .  (l)  When 
exposed  to  3rd  stage  larvae  Si rr:Qdon  hisnidus  has  yielded  as  high  as 
70;^  recovery  of  adult  worms  in  branches  of  the  cranial  meseni,cric 
artery,  aorta  and  even  in  the  left  ventricle  of  the  heart.  (2)  Rattus 
norve.-'i  cur  can  serve  as  a  laboratory  model  for  this  infection, 

(3)  Thv  wild  rodents  Zygolonbcrys  r.icrotirius ,  Proechimys  semisninosus , 
yvctc.’".''s  svjr.ichni.-ti ,  and  .’hirmosa  sc.  do  not  pass  ist  stage  larvae 


and  thus  do  not  perpetuate  the  lifecycle  of  this  parasite. 


Idle 


hamster  and  guinea  pig  react  similarly  and  do  not  perpetuate  the 
lifecycle.  (^4)  A  massive  single  dose  of  3rd  stage  of  A.  costaricensis 
in  a  susceptible  host  can  result  in  mechanical  blockage  of  binu.ches  of 
the  cranial  mesenteric  artery  with  subsequent  infarction  of  the  lower 
intestinal  tract  and/or  cecu:)!  resulting  in  peritonitis  and/or  death. 

(6)  Two  species  of  non-hu-uan  prir.ates ,  Cebus  ^  j  n\:s  and  A  teles 
geoffroyi  are  able  to  perpetuate  the  cycle  of  A.  coctaricenr.i.s 
following  experimental  infection.  The  route  of  migrauion  of  the  worms 
and  the  time  sequence  for  r..aturation  and  oviposition  closely  paralleled 
that  of  G:  t-medon  hi  soidus  .  Both  species  developed  granulomatous 
inflamm-.atory  reactions  similar  to  those  reported  in  human  infections; 
and  U  of  the  infected  monkeys  subsequently  died  of  t'nis  disease. 

(7)  Some  mionkeys  (but  not  all)  of  both  species  passed  1st  stage 
larvae  in  the  feces  28  days  after  infection;  a  finding  which  has  not 
yet  been  demonstrated  in  human  infections. 


Bxo-antigen  was  obtained  from  adult  worms  maintained  up  to  l4  days 
in  m.edium  199  containing  2;1  penicillin-streptomycin  and  0.5/»  amphotericin 
B.  Crude  antigen  from  adult  A,  costar icons  is  and  the  exo-antigen  were 
utilized  for  serological  testing  of  ncn-huuncui  primates.  Thus  far, 
ouchterlony,  comple.ment-fixation,  and  ho.magglutination  tests  have  not 
yielded  a  reliable  test  system.  Skin  tests  administered  to  infected 
Cebus  canucinus  and  Ateles  geoffroyi  monkeys  have  negative  results 
regardless  of  whether  or  not  the  monkey  vas  passing  first  stage  A. 
costaricensis  larvae  in  its  feces. 
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ile.T.at oleg.y  cf  Si,7.r.odon  hispidus 

Prior  to  initiation  of  studies  of  infection  with  Leislurania  ar.d 
agents  of  other  tropical  diasescs  in  Signodon  it  v£;s  deemed  necessary 
to  establish  average  or  standard  hematologic  values  for  the  animals 
of  oiu’  colony  in  order  to  interpret  disease-induced  changes. 

Hemograms  were  obtained  on  36  Sir.modon  (21  males  and  15  females) 
once  a  month  for  6  months.  Additional  hf-mograras  were  determined  on 
19  of  these  animals  (l3  males  and  6  females)  for  aji  additional  period 
of  1-7  months.  Each  hemogram  consisted,  of  hematocrit,  hemoglobin 
concentration,  total  erythrocyte,  reticulocyte  and  leukocytes  coimts 
and  leukocyte  differential.  Absolute  leukocyte  values  and  erythrocyte 
indices  were  calculated  utilizing  standard  formule.s. 

Blood  samnles  (0.5  ml)  "were  collected  during  light  ether 
anesthesia  from  the  ophthalmic  venous  ploms  using  sterilized  non- 
heparinized  Pasteur- type  pipettes.  Thin  blood  films  were  prepared 
and  the  remaining  blood  transferred  to  a  tube  containing  EDTA 
anticoagulant  (1.5  EDTA/ml  of  whole  blood). 

Hematocrit  was  estimated  using  the  microhenatocrit  method  and 
hemoglobin  concentration  was  determined  by  the  cyonmethemoglobin 
method. 


Total  erythrocyte  and  leukocyte  counts  were  done  by  the  standard 
methods  with  a  rr.odel  A  Coulter  Counter,  using  dilutions  of  1:500,000 
and  1:500  respectively.  The  diluent  was  isotonic  saline  and  the 
stromaiysing  agent  was  LYS?J3  (Coulter).  The  machine  was  calibrated 
for  Sii-.-.odon  his~;iaus  blood  utilizing  the  following  settings:  aperture, 
6;  er;/~throcyte  threshold,  10;  and  leukocyte  threshold,  20.  Each  count 
was  made  in  triplicate  and  an  average  recorded  for  the  sample. 


Thin  blood  films  were  air  dried  and  stained  with  Wrights '-Giemsa 
stain  (buffered  pH  6.8).  Two  hradred  leuiioGj-tes  were  (differentiated 
utilizing  the  cellular  morphology  criteria  of  Kepworth"^  including  the 
distinction  between  large  and  small  lymphocytes. 


Reticulocytes  were  enumerated  per  1000  erythrocytes  according  to 
the  method  of  Johns^  on  smears  of  blood  vitally  stained  with  brilliant 
cresyl  blue  and  counter  stained  with  Wrights’,  stain. 


The  erythrocytic  paraceters  are  presented  in  Tables  2-3.  During 
the  entire  13  months  of  sequential  sampling,  there  were  no  significant 
differences  between  male  and  female  S..  hispidus  for  any  given  age 
group.  The  erythrocyte  numbers  and  he.T.atocrit  values  did  not  change 
significantly  over  the  13  month  period.  Tnere  was  however,  a  signi¬ 
ficant  regression  (F  test:  P<.00l)  of  the  hemoglobin  concentration  with 
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ace  in  "both  ir.alo  and  fenale  Sif-mcidon.  During  the  first  tvo  r-onths  of 
life  both  male  fuid  female  !ji cricdor.  had  a  sharp  reduction  in  the  ni’taber 
of  reticulocytes.  After  2  months  of  age,  these  values  progressed  ^n  a 
linear  fashion  throughout  the  next  11  mo.nths  of  life. 


The  erj’throcyte  parameters  in  our  study  are  in  close  agreement 
vith  the  erj^throcyte  and  hematocrit  values  reported  by  Dianaway  and  Lewis^ 
ajid  viT.h  the  hematocrit  and  hemoglobin  values  reported  by  Kornan^.  Our 
values,  however,  are  higher  than  the  values  reported  by  Hepworth^  for 
both  "conditioned"  and  "stressed"  wild  caught  Sigmodon;  including 
reticulocyte  values  above  1%. 


The  leukocyte  values  are  presented  in  Tables  14-5-  During  the  13 
month  period  of  investigation  there  was  no  significant  difference 
between  the  leukocytes  of  sales  versus  females  or  among  age  groups. 


All  the  Si  r:-,odon  had  a  significantly  higher  number  of  lymphocytes 
than  of  neutrophils  with  the  small  lymphocytes  outnumbering  the  large 
type.  These  findings  are  in  agreement  with  Hepworth  and  others  in 
classifying  Sipmodon  as  one  of  the  "lymphocytic- type"  rodents  (5)» 

Other  points  of  agreement  vith  Hepworth 's  Sigm.odon  population  are  similar 
eosinophil  and  basophil  counts  and  lower  number  of  neutrophils  in 
female  versus  males.  Points  of  difference  are  lower  monocyte  counts 
and  higher  total  leukocyte  counts  of  our  ainimals  when  compared  to  the 
"conditioned"  wild-caught  animals  of  Hepworth, 


Even  though  previous  results  are  based  on  single  or  double  samples, 
the  differences  between  individual  results  stress  the  importance  of 
evaluating  blood  parameters  of  study  groups  thus  avoiding  differences 
which  can  arise  due  to  geographic  location  or  environmental  conditions. 
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TABLE  1 
SUI'E-IARY  0? 

ANGI0STR0NGYLU3  C03?ARIC?::SIS 
IKFECTION  IK  SEVEf{AL  GPECIES  OF  AI'IIMALS 


A 

■i 


\  A 


t 


?  \ 


GEXUS  SPECIES 

(COMMON  NAME)  1 

\ 

\ 

ATSLES  GEOFFROYI 

(SPIDER  MOr.'KSY 

11 

10 

■ 

0 

2 

CAVIA  PORCELLUS 

(GUINEA  PIG) 

3 

0 

3 

_  3 

0 

CE3US  CAPUCIXUS 

(WHITE  FACE  KOIPKEY) 

■1 

6 

■I 

m 

2 

LIOETS  AT'SPERSUS 

(SPINY  POCKET  MOUSE) 

■1 

0 

0 

1 

M/JO-IOSA  SP. 

(MOUSE  OPOSSUM) 

2 

0 

2 

2 

m 

MSSOCRITETUS  AURATUS 

(HAMSTER) 

2 

0 

2 

0 

2 

^!U3  J.i'USCULUS 

(MOUSE) 

10 

10 

0 

0 

2 

KYCTo:-n:s  su:-;ichrasti 

(VESPFR  PAT) 

2 

0 

2 

0 

2 

PROECHIMYS  SE:-IISPIN0SUS 

(SPINY  RAT) 

2 

0 

2 

2 

1 

RATTUS  IIORVEGICUS 

(NORWAY  RAT) 

■I 

H 

m 

0 

SIGMODOK  HISPIDUS 

(COTTON  RAT) 

18 

0 

0 

5 

ZYGODOKTOMYS  MICROTIIIUS 

(CANE  MOUSE) 

16 

0 

l6 

8 

TOTAL 

H 

m 

m 

m 

16 
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ERYTHROCYTE  COKSTITUEIJTS  OF  SIGMODON  KTSPIDUS 
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U.S.  Army  Medical  Research  and  Development 
Command 


!  13.  aostrac  t 


The  research  program  of  US/u-IRU-P  is  devoted  to  the  study  of  infectious  diseases 
military  importance  in  Latin  America.  The  investigations  reported  are  primarily 
concerned  with  American  leishmaniasis,  a  disease  which  continues  to  afflict  US  Forces 
personnel. 

A  study  of  the  effect  of  chemotherapy  on  serum  antibody  was  made  to  determine 
if  serologic  testing  would  be  of  value  in  Judging  treatment  efficacy.  Although 
few  patients  reverted  to  seronegativity ,  there  was  a  demonstrable  effect  in  most 
cases,  and  the  rate  of  treatment  failure  was  inversely  correlated  with  diminution 
of  titers.  In  one  espundia  case  declining  titers  paralled' clinical  improvement 
and  an  increase  in  titer  accompanied  an  explosive  recrudescence. 

Follow-up  of  patients  treated  with  metreuiidazole  in  the  Canal  Zone  and  Republic 
of  Panama  medical  facilities  demonstrated  conclusively  that  this  drug  is  of  no  value. 

A  vero  cell  experimental  infection  model  for  antileishmanial  drug  screening  was 
developed  which  permits  exposure  of  intracellular  amastigotes  to  drug  for  up  to  10 
days.  However,  no  effect  on  the  parasites  could  be  demonstrated  with  this  system 
using  a  clinically  effective  drug,  methyl  glucamine  antimoniate. 

An  incidental  finding  was  made  of  the  first  human  liver  fluke  (Amohimerus  sp. ) 
infection  in  Panama,  which  constitutes  only  the  third  report  from  the  Western 
Hemisphere. 

Normal  hematologic  values  for  the  colonized  cotton  rats  (Si.fnnodon  hispidus )  used 
for  experimental  infection  studies  were  derived  from  monthly  samples  over  a  6-13 
month  period. 
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Tilo  life  cycle  of  Angi  o~  trcnfylus  cont^iri  cons  is  vas  established  in 
the  laooratory  and  experirr.ental  infections  stuaieu  in  several  species  of 
wild  rodents  and  2  species  of  sub-human  primates,  which  shov'ed  monkeys 
develop  a  disease  picture  resembling  that  of  humans. 


A  2  year  study  of  breeding  populations  of  phlebotonine  sandflies 
and  local  environmentfj.  ef^'ects  on  these  populations  was  completed.  The 
species  complement  is  divided  into  2  major  consociations,  one  dominated 
by  anthropophilie  species  and  ohe  other  by  zoophilic  spe,cies.  The  species 
complement  includes  6  major  species  of  which  k  are  anthfopophilic  and 
have  been  implicated  in  transmission  of  /imerican  leishmaniasis.  Tlie 
effect  of  clinatologic,  hydrologic,  phytologic,  and  edaphic  factors  on 
sandfly  distribution  was  studied. 

Xass  I  earing  techniques  using  standard  laboratory  glassware  were 
developed  w'hich  produced  improved  yields  over  traditional  methods,  with 
greatly  reduced  expendit’ure  of  man  hours.  Wild  caught  females  were 
placed  in  culture  preparations  in  which  eggs  were  laid,  hatched  end 
immature  stage  development  progressed  with  essentially  no  attentica  or 
care,  which  constitutes  an  important  first  step  to  colonization. 
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